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SUMMARY 
The STEALTH code  sys tem,  which  so lves  la rge  s t ra in ,  nonl inear  cont inuum 
mechan ics  p rob lems ,  has  been  r igo rous ly  s t ruc tu red  in  bo th  ove ra l l  des ign  
and  programming s t a n d a r d s .  The d e s i g n  is based   on   t he   " theo re t i ca l   e l emen t s  
of a n a l y s i s "  w h i l e  t h e  p r o g r a m m i n g  s t a n d a r d s  a t t e m p t  t o  e s t a b l i s h  a p a r a l -  
lelism between phys ica l  theory ,  p rograming s t ruc ture  and  documenta t ion .  
These  fea tures  have  made it e a s y  t o  m a i n t a i n ,  m o d i f y  a n d  t r a n s p o r t  t h e  
codes. It h a s  a l s o  g u a r a n t e e d  u s e r s  a high level of q u a l i t y  c o n t r o l  and 
q u a l i t y  a s s u r a n c e .  
INTRODUCTION 
A computer   code  system  cal led "STEALTH" ( r e f .  l)*, has  been  developed 
f o r  t h e  Electric Power R e s e a r c h  I n s t i t u t e  (EPRI) fo r  t he  p r imary  pu rpose  of 
s o l v i n g  n o n l i n e a r ,  s t a t i c ,  q u a s i - s t a t i c  and t rans ien t  problems involv ing  
b o t h  f l u i d s  and s o l i d s .  The  numerical   technology  for   this   computer   program 
i s  based  on  the  devel .opments   of   Wilkins   ( ref .  2 )  and  Herrmann ( r e f .  3 ) .  
Although t h i s  t e c h n o l o g y  w a s  o r i g i n a l l y  d e v e l o p e d  f o r  l a r g e  d e f o r m a t i o n ,  
f a s t - t r a n s i e n t  d e f e n s e - o r i e n t e d  a p p l i c a t i o n s  ( f i g u r e  l ) ,  it- has been adapted 
t o  b e  q u i t e  u s e f u l  f o r  s t u d y i n g  t h e r m a l - h y d r a u l i c  m e c h a n i c a l  t r a n s i e n t s  
( f i g u r e  2 ) ,  n u c l e a r  waste i s o l a t i o n  g e o l o g i c  b u r i a l  s t a b i l i t y  ( f i g u r e  3 )  and 
a va r i e ty  o f  s t ruc tu re -med ium in t e rac t ion  (SMI) problems ( f igures  4 and 5). 
The design and development of general-purpose 
""Solids and  Thermal  hydraul ics  codes  for  EPRI Adapated from Lagrange 
- TEODY and &DIP", deve loped   fo r  Electr ic  Power R e s e a r c h   I n s t i t u t e   b y  
Sc ience  App l i ca t ions ,  Inc .  , under  con t r ac t  RP307. 
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STEALTH i n v o l v e d  e x t e n s i v e  p l a n n i n g  i n  o r d e r  t o  make it adapt ive enough t o  
h a n d l e  t h i s  w i d e  v a r i e t y  o f  n o n l i n e a r  p r o b l e m s .  T h i s  p a p e r  d e s c r i b e s  t h e  
s t r a t e g y  t h a t  w a s  (and s t i l l  i s )  u s e d .  
ARCHITECTURAL OVERVIEW 
The o v e r a l l  s t r u c t u r e  o f  t h e  STEALTH nonl inear  code  sys tem has  been  
b u i l t  a r o u n d  a p a r t i c u l a r  view of the  phys ica l  equa t ions  be ing  so lved .  Th i s  
view is b a s e d  o n  t h e  " t h e o r e t i c a l  e l e m e n t s  o f  a n a l y s i s  o f  a physical  system' '  
which are summarized i n  T a b l e  1. The t h e o r e t i c a l  e l e m e n t s  o f  a n a l y s i s  are a 
convenient   conceptu l iza t ion   for   so l id   and   f lu id   mechanics   p roblems.  It 
s e p a r a t e s  p h y s i c s  l a w s ,  material r e s p o n s e  c h a r a c t e r i s t i c s ,  g e o m e t r i c  a s p e c t s  
(e.g. , b o u n d a r y  c o n d i t i o n s )  a n d  i n i t i a l  c o n d i t i o n s .  T h e s e  d i s t i n c t  ca- 
t e g o r i e s  are no t  on ly  conven ien t  t heo re t i ca l  g roup ings ,  bu t  are a l s o  u s e f u l  
programming and documentation e n t i t i e s .  
The STEALTH a r c h i t e c t u r e  b a s e d  on t h i s  view h a s  s t o o d  t h e  test of t i m e  
f o r  o v e r  f i v e  y e a r s  a n d  c o n t i n u e s  t o  b e  q u i t e  f l e x i b l e  a n d  a d a p t a b l e  t o  new 
problems  and  more  complex  si tuations.  Among t h e  many a d a p t i v e  f e a t u r e s  are 
( 1 )  t h e  a b i l i t y  t o  c o u p l e  o t h e r  c o m p u t e r  p r o g r a m s ,  ( 2 )  a s tandard procedure 
f o r  e x t e r n a l l y  d e v e l o p e d  c o n s t i t u t i v e  m o d e l s ,  (3)  a modular topdown archi- 
t e c t u r e  w i t h  a FORTRAN s y n t a x  t h a t  makes developing and changing subrout ines  
easy,  and ( 4 )  a genera l -purpose ,  spec ia l -purpose  vers ion  a r rangement  tha t  
guarantees  good q u a l i t y   a s s u r a n c e .   F i n a l l y ,  it h a s   b e e n   p o s s i b l e   t o  add 
new c a p a b i l i t i e s  t h a t  were n o t  s p e c i f i c a l l y  a n t i c i p a t e d  when STEALTH w a s  
o r i g i n a l l y  d e s i g n e d .  
STEALTHs l D ,  2D, and 3D are based  on a m o d u l a r  a r c h i t e c t u r e  i n  w h i c h  
many subrout ines  and  COMMON b l o c k s  i n  e a c h  c o d e  are i d e n t i c a l  i n  e v e r y  d e -  
t a i l .  The  top-down d e s i g n  t h a t  w a s  implemented  requi res  each  code  to  have  
t h e  same c a l l i n g  s e q u e n c e  a t  i t s  h i g h e s t  levels. Subrout ines  and COMMON 
blocks  which must b e  d i f f e r e n t  are  found at t h e  l o w e s t  ( i n n e r r m o s t )  l e v e l s  
of STEALTH. I n   b e t w e e n ,   t h e r e  are  s u b r o u t i n e s   t h a t   h a v e   i d e n t i c a l  names, 
func t ions ,  and  s t ruc tu re ,  bu t  d i f f e ren t  spec i f i c  p rogramming .  
The a c t u a l  FORTRAN programming u t i l i z e s  a subset of FORTRAN t h a t  is  
common t o  IBM, Univac,  and CDC computers.   The  use  of  these FORTRAN state- 
ments is f u r t h e r  r e s t r i c t e d  by format  convent ions  tha t  p roduce  very  st ruc- 
tured  programming.   In   addi t ion,  FORTRAN v a r i a b l e  names are formed  by com- 
b in ing  three-charac te r  roo ts  wi th  one-  and  two-charac te r  pref ixes  and  suf -  
f i x e s  . 
The STEALTH codes  have  been  des igned  to  be  most e f f i c i e n t  f o r  t h e  o c c a -  
s i o n a l  u s e r .  The s t anda rd   ve r s ion   combines   ex tens ive   check ing   l og ic   wh ich  
checks  and  rechecks a use r ' s  i npu t  and  checks  and  r echecks  the  s t a tus  o f  t he  
c a l c u l a t i o n  as it proceeds.   The  codes  a lso  provide many s t anda rd  mode l s  fo r  
materials, boundary   condi t ions ,  e tc .  
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Computer memory requirements  range from 135 000 t o  155 000 words of 
o c t a l  s t o r a g e  i n  CDC 7600. T h i s  s i z e  h a s  b e e n  a c h i e v e d  b y  o v e r l a y i n g  t h e  
GENERATOR. Fur the r  r educ t ion  o f  code  s i ze  can  be  ach ieved  by  e i the r  ove r -  
l a y i n g  t h e  GENERATOR some more,  overlaying the PROCESSOR, o r  by  r educ ing  the  
s i z e  of c e r t a i n  COMMON blocks.   Reducing  the  s ize   of  COMMON b l o c k s  u s u a l l y  
r e s u l t s  i n  a r e d u c t i o n  i n  t h e  number o f  g r i d  p o i n t s  t h a t  c a n  b e  computed. 
O the r  t a i lo r ings  o f  t he  codes  can  be  made t o  s u i t  s p e c i f i c  c o m p u t i n g  
environments  and/or  problems.  For  example, it is s imple   t o   pu t   "ha rdwi red"  
material models  in to  the  code  to  improve  code  speed .  it is a l s o  p o s s i b l e  t o  
remove t h e  trace and  debug  opt ions,   again  improving  speed.   For   short   pro-  
duc t ion  runs  where  gene ra t ion  is a l a r g e r  p r o p o r t i o n  o f  t h e  r u n  t i m e ,  i t  i s  
p o s s i b l e  t o  write a p r e g e n e r a t o r  t o  r e d u c e  GENERATOR costs. F i n a l l y ,  
spec ia l -purpose  vers ions  of  STEALTH c a n  b e  c r e a t e d  i n  o r d e r  t o  i m p r o v e  e f f i -  
ciency.  For  example, a hydrodynamic-only  version  of STEALTH r u n s  20% f a s t e r  
t h a n  t h e  s t a n d a r d  v e r s i o n  f o r  t h e  same f lu ids  problem.  
The FORTRAN cod ing  conven t ions  and  the  s t ruc tu ra l  modu la r i ty  make 
STEALTHs lD, 2D, and 3D portable   and  device- independent .  Word s i z e  and 
memory s t o r a g e  l i m i t a t i o n s  are de termined  f rom the  requi rements  of  an  ac tua l  
c a l c u l a t i o n .  F o r  most c a l c u l a t i o n s ,  i t  is  d e s i r a b l e  t o  u s e  a machine  which 
has  a word s i z e  g r e a t e r  t h a n  48 b i t s  and memory of a t  least  30 000 decimal 
words. However , it  i s  p o s s i b l e  t o  p e r f o r m  STEALTH s i m u l a t i o n s  at a word 
s i z e  of 32 b i t s  and a memory of 20 000 dec ima l  words.  The STEALTH code  sys-  
t e m  is made up  of  more t h a n  100 000 FORTRAN cards. 
PROGRAMMING  STRUCTURE 
The  development  of a user -or ien ted ,  w e l l  documented,  Wilkins  expl ic i t  
f i n i t e -d i f f e rence  compute r  code  is based on the premise that programming 
s t ruc tu re ,  i npu t /ou tpu t ,  and  documen ta t ion  shou ld  be  fo rmula t ed  f rom phys i -  
cal  ra ther   than   mathemat ica l   (or   numer ica l )   concepts .   Theory ,   code   s t ruc-  
t u r e ,  and documentation are f u n d a m e n t a l  c a t e g o r i e s  i n  t h e  d i s c u s s i o n  of u s e r  
o r i en ta t ion .   E lemen t s   o f   t hese   ca t egor i e s   (Tab le   2 )   shou ld   be  as  similar i n  
vocabulary   and   no ta t ion  as p o s s i b l e .  U s i n g  t h e  t h e o r e t i c a l  e l e m e n t s  of 
a n a l y s i s  as t h e  b a s i s  f o r  t h i s  d e s i g n ,  a u t o m a t i c a l l y  l i n k s  t h e  p h y s i c a l  
t h e o r y  and  programming s t r u c t u r e  i n  a way i n  which program development is 
e a s i l y  a c h i e v e d .  I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,  a s t a n d a r d  view of  program 
s t ruc tu re  has  been  adap ted  to  these  concep t s .  
The STEALTH computer programs do numerical  simulations as opposed t o  
numer ica l   eva lua t ions .  A s i m u l a t i o n  is ca r r i ed   ou t   t h rough   execu t ion   o f  
th ree  separa te  "phase  groups" .  Appropr ia te  names f o r  t h e s e  p h a s e  g r o u p s  are 
GENERATOR, PROCESSOR, and OUTPUT ANALYZER. (Analogous  processing  concepts  
exist  for  computer  systems.  They are: c o m p i l e r / l o a d e r ,   c e n t r a l  
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p r o c e s s i n g   u n i t  (CPU), and   ou tput   devices ,   respec t ive ly . )  The conceptua l  
f u n c t i o n s  of each  phase  group are summarized  below. 
0 The GENERATOR a c c e p t s  d e t a i l e d  d a t a  ( f r o m  c a r d s  o r  k e y b o a r d )  as 
i n p u t   f o r  many d i f f e r e n t   t y p e s   o f   c o m p u t e r   c a l c u l a t i o n s .  A l l  input  
d a t a  are checked as thoroughly  as p o s s i b l e .  I f  n o  s e r i o u s  e r r o r s  
are d e t e c t e d ,  an i n p u t  f i l e  f o r  t h e  a p p r o p r i a t e  PROCESSOR phase 
group is prepared .  
0 The PROCESSOR accep t s  p re re so lved  ( l i nk -ed i t ed )  da t a  f rom the  
GENERATOR as a c o m p l e t e  s p e c i f i c a t i o n  f o r  a c a l c u l a t i o n  i n  o r d e r  t o  
perform a s p e c i f i c   p h y s i c s   c a l c u l a t i o n .   D u r i n g   t h e   c a l c u l a t i o n ,  
o u t p u t  d a t a  are p r e p a r e d  t o  b e  i n p u t  f o r  b o t h  t h e  OUTPUT  ANALYZER 
and t h e  GENERATOR. These d a t a   t a k e   t h e   f o r m   o f   a r c h i v e   f i l e s .  The 
f i l e  f o r  t h e  GENERATOR i s  c a l l e d  t h e  restart f i l e ,  w h i l e  t h e  d a t a  
f o r  t h e  OUTPUT ANALYZER are  known simply as a rch ive  da t a .  The  
PROCESSOK is  analogous t o  a CPU. I ts  pr imary  purpose i s  t o  compute 
( c runch  numbers )  and  d i r ec t  da t a  to  ou tpu t  dev ices .  
0 The OUTPUT ANALYZER accepts d a t a  f r o m  t h e  GENERATOR o r  PROCESSOR 
phase   g roups   i n   a r ch ive   fo rma t .  It p e r f o r m s   a n a l y s i s   f u n c t i o n s   s u c h  
as p l o t t i n g ,   s p e c i a l   p r i n t i n g ,   d a t a   r e d u c t i o n ,  e tc .  Output   da ta  
f r o m  t h e  OUTPUT  ANALYZER are p r e s e n t e d  e i t h e r  i n  hard copy form or 
as i n p u t  f i l e s  f o r  o t h e r  OUTPUT ANALYZERS. It is exac t ly   ana logous  
t o  hard  copy  output   funct ions  of  a h a r d w a r e  p r i n t e r ,  p l o t t e r ,  o r  
o t h e r  o u t p u t  d e v i c e .  
F igu re  6 i s  a s c h e m a t i c  d i s p l a y  o f  t h e  i n t e r a c t i o n  b e t w e e n  p h a s e  g r o u p s .  
The GENERATOR phase  group is a combinat ion  compiler / loader .   For  exam- 
p l e ,  i n p u t  t o  t h e  c o m p i l e r  f u n c t i o n  o f  t h e  GENERATOR is t h e  c o d e  i n p u t  f o r  a 
pa r t i cu la r   p rob lem.   The   l oade r   ( l i nk -ed i t ing )   func t ion   o f   t he  GENERATOR 
p e r f o r m s  t h e  t a s k  o f  r e s o l v i n g  s e v e r a l  t y p e s  o f  i n p u t  i n t o  a s i n g l e  f i l e  t o  
be  read by a n  a p p r o p r i a t e  PROCESSOR. The GENERATOR is  c a p a b l e  o f  s e t t i n g  up 
( load ing)  a var ie ty   o f   p roblems  f rom a spectrum  of  input modes. There are 
two GENERATOR inpu t  modes, s t anda rd  and nonstandard.  
S t anda rd  Record  Forma t  ( s t a r t  o r  r e s t a r t )  
c a r d s  
keyboard 
0 Nons tanda rd  Inpu t  ( s t a r t  on ly )  
l i b r a r y  f i l e  
100 
The PROCESSOR phase  group i s  analogous t o  t h e  CPU of a computer. I ts  
purpose is t o  compute   phys ics   f rom  appropr ia te   a lgor i thms.   Input   da ta   for  
t h e  PROCESSOR are  prepared  by  the  GENERATOR. Output  da ta  are i n  t h e  f o r m  of 
a n  a r c h i v e  f i l e .  The a r c h i v e  f i l e  c o n t a i n s  a complete summary of a l l  t h e  
r e s u l t s   o f   t h e   p h y s i c s   c a l c u l a t i o n s   p e r f o r m e d .   T h e   f o r m a t   o f   t h e   f i l e  is a 
self-contained,  easy-to-read  format  and is  d e s i g n e d  t o  b e  u s e d  by o ther  pro-  
grams as input  (e .g . ,  programs i n  the  OUTPUT  ANALYZER phase group can r e a d  
t h e  a r c h i v e  f i l e  as i n p u t ) .  An abbrev ia t ed  fo rm o f  t he  archive f i l e ,  known 
a s  t h e  res tar t  f i l e ,  is  c r e a t e d  as a n  i n p u t  f i l e  f o r  t h e  GENERATOR. I f  a 
c a l c u l a t i o n  must b e  r e s t a t e d ,  i t  is more convenient t o  u s e  t h e  a b b r e v i a t e d  
f i l e  t h a n  a c o m p l e t e  a r c h i v e  f i l e .  
The OUTPUT ANALYZER phase group is  composed  of many d i f f e r e n t  s t a n d -  
alone  computer  programs. Among t h e s e  are  p lo t t i ng   p rog rams ,   Four i e r  
a n a l y z e r s ,   d a t a   r e d u c t i o n   c o d e s ,  e t c .  Output   ana lys i s  may be  performed  on 
d a t a  f r o m  b o t h  t h e  GENERATOR and PROCESSOR phase  groups.  A l l  d a t a  are  
t r a n s m i t t e d  i n  a r c h i v e  f o r m a t  b u t  o n l y  t h e  PROCESSOR creates a permanent 
a r c h i v e  f i l e .  (The OUTPUT ANALYZER c a n  b e  u s e d  t o  make a reduced   a rch ive  
f i l e ,  i f  r e q u i r e d . )  
Output  f rom the  OUTPUT  ANALYZER phase group i s  u s u a l l y  i n  t h e  f o r m  of 
hard  copy  ( that  i s ,  p r i n t e d   p a g e s ,   p l o t s ,   e t c . ) .   F i l e s   t h a t  a re  produced as 
output  are  u s u a l l y  i n  a r c h i v e  f o r m a t  a l s o  s o  t h a t  t h e y  c a n  b e  u s e d  as input  
f o r  o t h e r  d a t a  a n a l y z i n g  f u n c t i o n s .  T h e s e  f i l e s  a re  n o t  i n t e n d e d  t o  b e  u s e d  
as i n p u t  t o  t h e  GENERATOR o r  t h e  PROCESSOR, a l though i t  i s  c o n c e i v a b l e  t h a t  
t hey  cou ld  be  used  th i s  way. 
Phases are t h e  l o g i c a l  s u b d i v i s i o n s  o f  a phase  group.  They a re  groups 
of  subrout ines  which perform a par t icu lar  log ica l  "macrofunct ion"  which  
p r e s e r v e s   t h e   s i m p l i c i t y   o f   p h y s i c a l   c o n c e p t s .   I n   c o n t r a s t ,   s u b r o u t i n e s  
perform "microfunct ions"  and are de f ined  by  a s p e c i f i c  f u n c t i o n a l  task such 
a s  r ead ing ,  check ing ,  ca l cu la t ing ,  e t c . ,  o r  a well def ined  combinat ion  of  
t h e s e  t a s k s .  
A phase  g roup  can  be  d iv ided  in to  as =any phases  as  necessary.  One 
spec ia l  phase known a s  t h e  U t i l i t y  p h a s e  is p a r t  of  every  phase  group. It 
con ta ins  sub rou t ines  wh ich  are used by more than one phase and which f a l l  
i n to  one  o f  t he  fo l lowing  ca t egor i e s :  
(1) System  or  Machine  Dependent 
( 2 )  Input   Rela ted  
( 3 )  Output   Related 
( 4 )  E n t e r / E x i t  
( 5 )  E r r o r  
( 6 )  Ar i thme t i c  
( 7 )  Misce l laneous  
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A l l  phases are  chosen  f rom log ica l  o r  concep tua l  cons ide ra t ions  d i c t a t ed  by 
t h e  t a s k s  t o  b e  p e r f o r m e d  b y  a pa r t i cu la r  phase  g roup .  
P h a s e s  i n  t h e  OUTPUT  ANALYZER cannot   be  def ined a p r i o r i .  T h i s  p h a s e  
group may r e q u i r e  d i f f e r e n t  p h a s e  s t r u c t u r e  f o r  d i f f e r e n t  t y p e s  of  problems 
and d i f f e r e n t   t y p e s  o f   a n a l y s e s ,   r e s p e c t i v e l y .  However, t h e  GENERATOR and 
PROCESSOR phases  are amenable t o  a genera l  des ign  concept  based  on  the  phy- 
s i c a l  n o t i o n s  a s s o c i a t e d  w i t h  t h e  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s  b e i n g  
solved.  
The  fundamen ta l  i deas  beh ind  the  des ign  o f  t he  phase  s t ruc tu re  fo r  t he  
GENERATOR and PROCESSOR phase groups of STEALTH come d i r e c t l y  f r o m  t h e  
t h e o r e t i c a l   e l e m e n t s   o f   a n a l y s i s  of a physical  system.  That i s ,  l o g i c a l l y ,  
STEALTH  may be  viewed i n  terms o f  t h e  f o l l o w i n g  d i s t i n c t  s u b d i v i s i o n s :  
o Conservat ion  Equat ions 
mass 
moment um 
energy 
Boundary Conditions 
g e o m e t r i c  c o n s t r a i n t s  
boundary values 
0 I n i t i a l  C o n d i t i o n s  
i n t e n s i v e  
e x t e n s i v e  
0 Cons t i tu t ive  Equa t ions  
mechanical 
thermal  
Des ign ing  the  GENERATOR and PROCESSOR f o r  STEALTH f rom these  fou r  ca- 
t egor ies i s  r e l a t i v e l y  s t r a i g h t f o r w a r d .  The conservation equations (equa- 
t i o n s  of  change) a re  t h e  e q u a t i o n s  t o  b e  s o l v e d ;  t h e y  are t h e  k e r n e l  o f  t h e  
PROCESSOR. They d e s c r i b e   t h e   r e s p o n s e   o r   m o t i o n   o f  a physical  system.  The 
i n i t i a l  and boundary values and the const i t  u t  i v e  e q u a t i o n s  s u p p l y  t h e  c o n d i -  
t i o n s   o r   c o n s t r a i n t s   f o r   s o l u t i o n .  The  computational  network i s  formed  from 
t h e  g e o m e t r i c  c o n s t r a i n t s  and t h e  t ime-dependence specif icat ion.  
The STEALTH GENERATOR phase group i s  broken down in to  n ine  phases  which  
are  f u r t h e r   d i v i d e d   i n t o  two g roups .   The   f i r s t   g roup   con ta ins  two  non- 
opt ional  phases  which must b e  e x e c u t e d  p r i o r  t o  t h e  e x e c u t i o n  o f  o t h e r  
GENERATOR phases   and   the   Ut i l i ty   phase .   The   second  group is composed  of s i x  
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which are u s e d  s e l e c t i v e l y  t o  s a t i s f y  s p e c i f i c  p r o c e s s i n g  
a p a r t i c u l a r  PROCESSOR. While  the two nonopt ional  phases  
must be  execu ted  in  a p a r t i c u l a r  o r d e r ,  t h e  p h a s e s  i n  
t h e  lat ter group may be  execu ted  in  any  o rde r .  
The  two phases  in  the  nonop t iona l  g roup  are c a l l e d  CMNGEN and PRBGEN. 
CMNGEN i n i t i a l i z e s  a l l  common b locks  and PRBGEN p r o v i d e s  d a t a  f o r  a 
GENERATOR scheduler.   The GENERATOR scheduler  is a subrou t ine  wh ich  de te r -  
mines which of the l a t t e r  group ' s  op t iona l  phases  is n e c e s s a r y  f o r  a p a r t i c -  
u l a r  PROCESSOR. 
The f u n c t i o n s  o f  t h e  o p t i o n a l  p h a s e s  i n  t h e  GENERATOR phase group are  
(1) material model d e f i n i t i o n ,  MATGEN, ( 2 )  mesh o r  g r id -po in t  gene ra t ion ,  
GPTGEN, ( 3 )  z o n e  i n t e r i o r  i n i t i a l i z a t i o n ,  ZONGEN, ( 4 )  boundary   va lue   spec i f -  
i c a t i o n ,  BDYGEN, ( 5 )  t i m e  c o n t r o l ,  TIMGEN, and ( 6 )  e d i t  s p e c i f i c a t i o n ,  
EDTGEN. F i g u r e  7 is a f l o w  c h a r t  o f  t h e  p h a s e s  i n  t h e  GENERATOR phase 
group.  Table 3 shows the   cor respondence   be tween  the  s ix  o p t i o n a l  GENERATOR 
phases and t h e  l o g i c a l  e l e m e n t s  of des ign .  
Within each GENERATOR p h a s e  t h e  s u b r o u t i n e  c a l l i n g  s t r u c t u r e  ( l o g i c )  is 
similar. Each  phase  contains  a phase  scheduler   subrout ine  which ca l l s  a l l  
the  "main l ine"  subrout ines .  The  scheduler  name is - - - GEN,  where _ _ _  is 
t h e  p h a s e  name. 
The ma in l ine  sub rou t ines  are  an  inpu t  p rocess ing  subrou t ine ,  - - - INP; a 
s u b r o u t i n e  t h a t  c h e c k s  i n p u t  d a t a ,  - - -CHK; a s u b r o u t i n e  t h a t  p r i n t s  o u t  
r e l e v a n t  d a t a  f o r  t h e  p h a s e ,  "-PRT; and a subrou t ine  tha t  a l lows  inpu t  and  
computed da ta  t o   b e   p l o t t e d ,  - - - PLT 
I n  a d d i t  i o n  t o  t h e  m a i n l i n e  s u b r o u t i n e s ,  t h e r e  is a group of  subrou- 
t i n e s  known as  "ke rne l "  sub rou t ines .  These  sub rou t ines  pe r fo rm gene ra t  i on  
t a s k s  s p e c i f i c  t o  t h a t  p h a s e .  F i g u r e  8 shows a conceptua l   f lowchar t   for  a 
t y p i c a l  GENERATOR phase .   Kerne l   subrout ines  may be  ca l led  a t  any time i n  
the  phase ,  whereas  ma in l ine  sub rou t ines  must b e  c a l l e d  i n  t h e  p r o p e r  o r d e r .  
A l l  GENERATOR phases  may c a l l  U t i l i t y  sub rou t ines  f rom any  subrou t ine .  
( U t i l i t y  s u b r o u t i n e s  are d e f i n e d  as those  sub rou t ines  wh ich  are common t o  
more than  one  phase  in  a phase  group) .  However, c e r t a i n  u t i l i t i e s  are 
called f r o m  s p e c i f i c  l o c a t i o n s  o r  o n l y  a t  s p e c i f i c  times. For  example, 
ENTER/EXIT u t i l i t i e s  are t h e  f i r s t  and last e x e c u t a b l e  s t a t e m e n t s  i n  e a c h  
ma in l ine   sub rou t ine  ; o n l y  - - - INP and - - - CHK c a l l  ERROR u t  ilit ies; INPUT 
u t i l i t i e s  are c o n c e n t r a t e d  i n  - - - INP, etc. A l ist of t y p i c a l  u t i l i t i e s  
are shown i n  T a b l e  4.  
Each PROCESSOR phase group is composed of e igh t  phases  -- one phase 
less t h a n  t h e  GENERATOR phase  g roup  ( the re  is one  phase  co r re spond ing  to  
each   of   the  GENERATOR phases  excep t  t he  CMN phase).   For STEALTH, a l l  phases 
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are mandatory  and a l l  phases  must b e  e x e c u t e d  i n  a p r e c i s e  o r d e r .  F i g u r e  Y 
d i s p l a y s  t h e  PROCESSOR phase group f lowchart  for serial STEALTH. 
In  each  PROCESSOR p h a s e  t h e r e  is a t  least o n e  m a i n l i n e  s u b r o u t i n e  c a l l e d  
"- PRO. It is analogous t o  - - - GEN i n   t h e  GENERATOR, where _ _ _  is t h e  
phase name i d e n t i f i e r .  I n  t h e  GPT and ZON p h a s e s  t h e r e  are two o ther  main- 
l i n e   s u b r o u t i n e s ,  - - - OLD and - - - NEW. Subrout ine  - - - OLD t r a n s f e r s   d a t a  
a t  times n-1/2 and n f r o m  a r r a y  v a r i a b l e  s t o r a g e  l o c a t i o n s  t o  s t o r a g e  l o c a -  
t i o n s  i n  n o n a r r a y  v a r i a b l e s .  T h e s e  n o n a r r a y  v a r i a b l e s  are used i n  p h y s i c s  
c a l c u l a t i o n s  t o  u p d a t e  l l o l d l l  v a l u e s  o f  v a r i a b l e s  ( t i m e s  n-1/2  and  n) t o  
"new" va lues  o f  va r i ab le s  ( t imes  n+1 /2  and n + l )  . Subrout ine - - - NEW t h e n  
t r a n s f e r s  t h e  d a t a  a t  times n+1/2 and n+l  f rom nonarray s torage locat ions 
t o   a p p r o p r i a t e   a r r a y  st o r a g e   l o c a t   i o n s .  
A l l  o t h e r  s u b r o u t i n e s  i n  t h e  PROCESSOR are k e r n e l  o r  u t i l i t y  s u b r o u -  
t i n e s .  A special  g roup  o f  ke rne l  sub rou t ines ,  wh ich  desc r ibes  material 
model r e s p o n s e  c h a r a c t e r i s t i c s ,  is found i n  t h e  ZON phase  o f  t he  PROCESSOR. 
For a v e c t o r  mode ve r s ion  o f  STEALTH, t h e  PROCESSOR would t a k e  a 
s l i g h t l y  d i f f e r e n t  f o r m  at  t h e  s u b r o u t i n e  level  and  would r e q u i r e  a d i f -  
f e r e n t   p h a s e   c a l l i n g   o r d e r .  However, t h e   o v e r a l l   d e s i g n   c o n c e p t s   w o u l d  
remain. 
CONCLUSION 
Implementing a s t r u c t u r e d  a r c h i t e c t u r e  f o r  t h e  STEALTH code system has 
made it ( 1 )  easier t o  debug  and  modify l o g i c ,  ( 2 )  s i m p l e r  f o r  new u s e r s  t o  
l e a r n  how the  codes  work ,  and ( 3 )  i d e a l  f o r  m a i n t a i n i n g  v e r s i o n s  o n  d i f -  
ferent  computer  hardware.  The " theore t ica l   e lements   o f   ana lys i s" ,   which  are 
t h e  b a s i s  f o r  p r o g r a m  d e s i g n  i n  STEALTH, have proven t o  b e  a usefu l  concept  
f o r  s o l v i n g  g e n e r a l  n o n l i n e a r  e q u a t i o n s  a p p r o x i m a t e d  b y  t h e  W i l k i n s  e x p l i c i t  
f i n i t e - d i f   f e r e n c e   s o l u t i o n   t e c h n i q u e .  
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TABLE 1. THEORETICAL  ELBIENTS OF A PHYSICAL  SYSTEM 
Conservation l a w s  p h y s i c a l   p r i n c i p l e s  
governing a l l  mot i o n  
Boundary  condi t ions  geometr ic   constraints  
and boundary values 
I n i t i a l   c o n d i t i o n s   i n i t i a l  s tat  e of t h i n g s  
C o n s t i t u t i v e   r l a t i o n s  material models 
TABLE 2. ELEMENTS OF THEORY, CODE STRUCTURE, AND DOCUMENTATION 
AFFECTING USER ORIENTATION 
THEORY 
1. Physical  Laws 
2. Mat hemat i ca l  equat   ions  
3. Numerical  equations 
CODE STRUCTURE DOCUMENTATION 
1. Programming p r a c t i c e s  
2. Modular s t r u c t u r e  
3. Input  /Output 
1. Input manual 
2. Flow c h a r t s  
3. Vocabulary 
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TABLE 3. CORRESPONDENCE BETWEEN OPTIONAL GENERATOR PHASES 
AND CONTINUUM MECHANICS  ELIHENTS OF ANALYSIS 
C o n s t i t u t i v e   E q u a t i o n s  (material m o d e l s )  . . . . . .  MATGEN 
B o u n d a r y  Condi t ions (cont ro l  volume d e f i n i t i o n )  
g e o m e t r i c  cons t ra in ts  . . . . . . . . . . . . .  GPTGEN 
b o u n d a r y  values . . . . . . . . . . . . . . . .  BDYGEN 
I n i t i a l  C o n d i t i o n s  . . . . . . . . . . . . . . . . .  ZONGEN 
C o n s e r v a t i o n   E q u a t i o n s  . . . . . . . . . . . . . . .  TIMGEN 
TABLE 4 .  TYPICAL  UTILITY PHASE  SUBROUTINES 
SYSTEMS  OUTPUT " ENTER/EXIT  ARITHMETIC 
RUNDAT 
RUNT IM 
I N  PUT 
CRDTTL* 
CRDINP* 
CRDPRT* 
LIBTTL 
L I B   I N P  
LIBPRT 
KBDTTL* 
KBDINP* 
KBDPRT 
REWFLS 
RINREC 
GETDTA 
WOTREC 
PUTDTA 
PGEHDG SBRENT 
TIM HDG PHS ENT 
PHSHDG SBREXT 
I N  PHDG * PHSEXT 
CHKHDG GENEXT 
PRTHDG PROEXT 
PLTHDG ERREXT 
ERROR 
CHRERR 
FLDERR 
LIMERR 
MDLERR 
RGEERR 
SBRERR 
TYPERR 
FNCONE 
MYFNO 
FNCTWO 
MYFNT 
FDVONE 
MYFDO 
MISCELLANEOUS 
I N  PDGT 
FLDCHK* 
CNMTA 
PHSCHK 
* 
Uses s t a n d a r d  input  record f o r m a t  
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t = 4  t = 8  
t = 1 2  t = 16 
F igure  1.- Pene t r a t ion  o f  steel  p r o j e c t i l e  i n t o  aluminum t a r g e t  u s i n g  STEALTH 2D.  
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t = 100 
t = 200 
t = 400 t = 700 
t = 500 t = 800 
t = 300 t = 600 t = 900 
Figure  2.- Axisymmetric STEALTH 2 D  s imula t ions  of energy release i n  f l u i d  
c o n t a i n e d  i n  o v e r s t r o n g  c y l i n d r i c a l  c o n t a i n e r .  
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A 
I 
S i w l a t e d  heaters 
0 10 20 30 40 
Horironcal dircancc from heaced pillar ( f t )  
F i g u r e  3 . -  Nuclear waste r e p o s i t o r y  s i m u l a t i o n  u s i n g  STEALTH 2D. 
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t = 2.0 
t = 4.0 
t = 6.0  
Figure  4 .  - T r a n s l a t i o n a l  
t = 8.0 
-PTm 
t = 12.0 
1 
t = 14.0 
1 
t = 16.0 
t = 18.0 
symmetry STEALTH 2 D  s i m u l a t i o n  of l o n g  r i g i d  D i D e  
being pushed down i n t o  t a n k  of water. 
” 
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3. 4. 
5. 
Figure 5.- Rocking of b u i l d i n g  on s o i l  i s l a n d  using STEALTH 2 D .  
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F i g u r e  6 . -  Phase group flowchart .  
I Generator Scheduler 
I 
I 
I 
I 
I 
I 
I 
I 
F] I 
I 
Mandatory  Ph ses I 
I 
F i g u r e  7 .-. GENERATOR phase  
I G P T G E N ~  I ZONGEN 1 
Optional Phases 
(In any order) 
group  f lowchart .  
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Phase 
Scheduler 
Mainline 
Subroutines 
3. r "- PRT 1 
Ail mainline subroutine8 
must be called in order shown . 
Kernel rubroutines may be 
called at any Point. 
( - - - ir the phase name.) 
Figure 8.- Typical  GENERATOR  phase structure. 
Processor 
Utilities 
I 
I 
EDTPRO 
Figure 9.- PROCESSOR  phase group  flowchart. 
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